Study of Hereditary
Trends Introduction In pediatric dentistry, the investigation of dentocraniofacial developmental patterns is important for predicting the state of occlusion and facial shape in adulthood. Especially, when juveniles have malocclusion, pedodontists have to predict the pattern of occlusion at maturity based on the traits of mandibular shape in their parents. Human twins have been used for studies on the genetic basis of dental traits [1, 2] . These studies have revealed that genetic factors influence the size and form of the craniofacial complex. Based on cephalometric studies of twins, significant hereditary variation has been identified from measurement of the anterior cranial base, mandibular length and facial height, and the ratio of genetic to non-genetic variation appears to be greater in the lower half than in the upper half, of the face [2, 3] . However, it is impossible to clarify which parental character of the lower face is inherited predominantly in twins, because the alleles at the chromosomal loci show heterozygosity, and the inheritance pattern of the shape is complex due to polygenic inheritance in humans [1] .
Maintenance of inbred mouse strains whose genotype is monomorphic and homozygous at all loci and is under strict genetic control through periodic genetical checks is very useful. Characteristics used for such checks include coat color, biochemical marker genes, histocompatibility complex gene and the shape of the mandible.
Festing [4] reported that mandibular shape in mice is a highly heritable quantitative trait, and that discriminant analysis of mandible measurements may be a useful tool for strain identification.
The mammalian mandible is an excellent structure by which to study the genetic and developmental aspects of body-size scaling, because the mandible appears to be a single skeletal entity of simple origin. Therefore, the present study was undertaken to investigate which genetic traits in F1 , F2 and N2 mice are most strongly inherited from parents with a large or small mandible. Results No significant sex differences for any of the inter-landmark distances were shown in the groups of B6 and MRL/n mice ( Table 2 ). All inter-landmark distances of the mandible in the groups of B6 and MRL/n mice and F1, F2 and N2 hybrid mice are shown in Table 3 . Each of the inter-landmark distances are given in Figures 2 to 8. All inter-landmark distances except for 12-13 in MRL/n mice were significantly larger than those in B6 mice. However, the mean distances for 8-10, which is the total mesiodistal measurement of the lower three molars, showed no significant difference between B6 and MRL/n mice. The mean distances for 1-14, 5-9 and 1-5 in the F1 mice indicated the highest similarity among F1, and B6 and MRL/n mice, whereas the mean distances for 3-6, 12-14 and 8-10 in the F1 mice were intermediate between B6 and MRL/n mice. When the inter-landmark distances for 1-5 and 5-9 were divided into an X component for horizontal dimension and a Y component for vertical dimension, the means of the X component for both inter-landmark distances in the Fi mice were significantly larger than those in B6 and MRL/n mice, although the means of the Y component for both distances in the F1 mice were intermediate between B6 and MRL/n mice. The means of the X and Y components for 1-5 and 5-9 in F2 and N2 mice were intermediate between C57BL/6By and MRL/n mice (Tables 4 , 5, Figs. 9 to 12).
All of the inter-landmark distances in F2 and N2 mice in this study were intermediate between the means for B6 and MRL/n mice.
Discussion and Conclusion
Results of genetic analysis of mandibular size have indicated that size is affected more strongly by genetic effects than by environmental effects during growth [5, 6] . In rats after 80 days, genetic effects become larger with age, and maternal effects diminish [7, 8] . In the mouse mandible, significant age effects are found, but these are only large in animals under seven weeks of age, where considerable changes are taking place in the relative length of the bone [9] . In this study, inbred mice were used within a week of attaining 90 d of age and were brought up under the same conditions. Lovell et al. [9] reported that significant sex differences in mouse mandibular shape, but these were considerably smaller than the differences found between two inbred strains, B6 and DBA/2J. Although B6 and MRL/n mice did not show a significant sex difference in this study, male and female numbers were almost the same in each group of B6, MRL/n, F1, F2, and N2 mice.
The mean values of characteristics 8-10, which indicated mandibular tooth row length, were not significantly different between B6 and MRL/n mice, and the mean values in F1 showed no significant difference from those in B6 and MRL/n mice. Atchley [5] reported positive genetic associations between femur length and the length and height of the mandible, and a significant negative relationship between femur length and mandibular tooth row length in rats. It was of interest that the horizontal dimensions of the interlandmark distances in the F1 offspring of B6 and MRL/n mice in which the genotype was heterozygous , showed predominance of MRL/n mice having a large mandible, and that the vertical dimensions were inter-mediate between the two strains. However, the horizontal and vertical dimensions of each inter-landmark distance in the F2 and N2 mice were intermediate between those of B6 and MRL/n mice.
Quantitative traits such as mandibular size, which are controlled by polygenes show a normal probability curve. However, individual polygenes have been investigated and isolated, and shown to affect morphological traits [10] .The gene responsible for an elongation of the dorsal reach of the condylar process is located on the outside and on the centromeric side of the H-2 complex on chromosome 17 [11] . Our results indicate that the effective genes governing elongation or construction in a horizontal dimension are not the same polygenes as those governing vertical dimensions in the mouse mandible. The polygene affecting the horizontal dimension of the mandible works predominantly in large mandibles and the vertical dimension appears intermediate between that of the large and the small mandible in F1 hybrids of B6 and MRL/n mice in which the genotype is heterozygous at all loci. In F2 and N2 hybrids, the horizontal and vertical dimensions of the mandible were shown to be intermediate between those of B6 and MRL/n mice. Hence, over half of the polygene governing the horizontal dimension in mandible length affects predominantly the large mandible. Inter-landmark distances of characteristics 2-7 in groups of B6 and MRL/n mice, and F1, F2 and N2 hybrid mice Inter-landmark X components of characteristics 5-9 in groups of B6 and MRL/n mice, and F1, F2 and N2 hybrid mice Fig. 8 Inter-landmark distances of characteristics 5-9 in groups of B6 and MRL/n mice, and F1, F2 and N2 hybrid mice Inter-landmark Y components of characteristics 5-9 in groups of B6 and MRL/n mice, and F1, F2 and N2 hybrid mice Table 1 Materials   Table 2 Sex differences in each inter-landmark distance in groups of B6 and MRL/n mice Table 3 Inter-landmark distances in groups of B6 and MRL/n mice, and F1 ,F2 and N2 hybrid mice Table 4 Inter-landmark X and Y components of characteristics 1-5 in groups of B6 and MRL/n mice, and F1, F2 and N2 hybrid mice Table 5 Inter-landmark X and Y components of characteristics 5-9 in groups of B6 and MRL/n mice, and F1, F2 and N2 hybrid mice
